Exogenous glutathione protects endothelial cells from menadione toxicity.
Administration of menadione (vitamin K3; 2-methyl-1,4-naphthoquinone) to cultured bovine pulmonary artery endothelial cells caused a dose- and time-dependent depletion of cellular ATP and depletion of intracellular glutathione (GSH). The toxicity of menadione was correlated with an increase of menadione-glutathione conjugate in the medium and with an increase in H2O2 generation. Recent studies have suggested that GSH may be useful as a pharmacological agent to prevent oxidant injury. In the present study, treatment with exogenous GSH prevented the loss of cellular GSH and ATP caused by menadione. Protection by extracellular GSH involved two mechanisms. In one mechanism, extracellular GSH was degraded by gamma-glutamyl transpeptidase, producing substrates for subsequent intracellular de novo GSH synthesis. We found that the protective effect of extracellular GSH was decreased by inhibiting gamma-glutamyl transpeptidase. In the other mechanism, GSH reacted in the medium with menadione to form a conjugate. Although formation of the menadione-glutathione conjugate within cells may contribute to menadione toxicity, addition of menadione-glutathione conjugate to the medium was found to be nontoxic to endothelial cells. Thus exogenous GSH protected endothelial cells by two mechanisms: maintenance of intracellular GSH and prevention of menadione entrance into cells.